two particles containing beauty quarks fuse to form the tetraquark. Such processes are analogous to the fusion of a proton and a neutron to form a nucleus of the hydrogen isotope deuterium. The authors show that the energy released from the tetraquark reactions is of the order of 200 MeV -more than 10 times that produced in nuclear fusion.
times longer than the typical time that it takes for a quark to move from one end of a particle to the other. In other words, such particles can be considered to be stable in the context of the time taken for fusion to occur.
Other implications of the authors' findings include the possible existence of nuclei containing two charm quarks or two beauty quarks. These nuclei could be produced in particle collisions in which at least one of the particles is a heavy ion (such as a lead ion). Going even further, a previously undiscovered form of stable matter consisting mainly of beauty quarks could exist. Such matter might have important consequences for cosmology 10 . 
R O B E R T H . M I L L E R
C ells surrounding injured or diseased tissue often undergo changes that promote repair. A striking example of this is the neuron-supporting Schwann cells of the peripheral nervous system (PNS). In adult nerves there are two types of Schwann cell, distinguished by whether or not they produce a fatty myelin sheath that wraps around neuronal projections called axons to support rapid signalling [1] [2] [3] . It has long been thought that, following injury, myelinating Schwann cells rapidly dedifferentiate to an unmyelinating progenitor state that facilitates axonal regeneration and repair. But writing in Neuron, Clements et al. 4 challenge this simple notion. When a nerve in the PNS is cut, the section still connected to the PNS remains intact, whereas the section below (distal to) the cut degenerates. Schwann cells from the cut ends spread across the gap, forming a bridge along which axons can regrow, re-forming the lower part of the nerve. Clements et al.
cut the sciatic nerve in mice, and analysed gene expression in myelinating Schwann cells isolated from the intact nerve, the distal nerve and the repairing bridge.
The authors found extensive differences in gene expression between Schwann cells at the intact and distal nerve sites (Fig. 1) . The comparison revealed the expected reductions in the expression of genes associated with myelin production and cell-cell junctional communication in distal cells -changes that might reflect dedifferentiation. But, in addition, the researchers found increased expression of unexpected gene sets in distal cells.
These included genes involved in communication with the extracellular matrix that surrounds cells, and genes such as Sox10, Nanog, Oct4 and Myc that are associated with stem cells and the epithelial-to-mesenchymal transition (EMT) -a cellular change in which the adhesive traits that characterize epithelial cells such as myelinating Schwann cells are lost, and migratory 'mesenchymal' traits are gained. Finally, the distal cells did not express genes characteristic of the embryonic tissue from which they arose during development.
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A change of fate for nerve repair
Schwann cells support neuronal signalling. The discovery that these cells become dramatically reprogrammed after nerve injury, adopting migratory characteristics that promote repair, highlights the plasticity of mature cell types. The involvement of EMT in development and repair is widespread. In wound healing, EMT is rapidly activated and results in wound closure 7 in a manner conceptually similar to that described by Clements and colleagues. It has also emerged as a key component of tumour progression 6 . The role of EMT in injury responses in the central nervous system has yet to be fully assessed, but tumour studies suggest that it might be important there, too. For example, the formation of cancer stem cells that promote the progression of certain brain tumours 8, 9 depends on EMT. EMT is a clearly a key phenomenon in multiple settings, but it is not always stable. For example, Schwann cells in intact nerves are epithelial in nature. Because damaged nerves in the PNS ultimately recover, bridge Schwann cells must either die or differentiate back to a myelinating cell type through a mesenchymal-to-epithelial transition -a change that is much less well understood than EMT. Perhaps it should not come as a surprise that there is plasticity between adult mesenchymal and epithelial states, given that many identity changes occur during development, and that differentiated epithelial cells can be experimentally reprogrammed to a mesenchymal-like stemcell state 10 . However, it is somewhat unsettling to this developmental biologist to consider the precarious nature of adult cellular differentiation, because the identity of mature cell types has largely been considered to be irreversible. ■ What aspects of the bridge environment might drive these changes? Through a series of experiments in mice and in vitro, Clements and colleagues convincingly demonstrated that a major mediator of EMT in bridge cells is the local upregulation of the transforming growth factor β (TGF-β) protein in the tissue immediately around the cut. Elevated levels of TGF-β also stimulated the targeted migration of Schwann cells across the bridge by activating the Ephrin signalling pathway, which helps to sort the cells into migratory clusters. Finally, the authors demonstrated that bridge Schwann cells are more proliferative than distal cells, but that this effect is TGF-β-independent, suggesting that several different signals mediate Schwann-cell responses to injury. Together, these profound changes in bridge Schwann cells provide a conducive substrate for successful nerve regeneration.
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Clements and colleagues' findings offer compelling insights into changes in the characteristics of Schwann cells following an injury. But there are caveats that should be considered, for example in the way in which the authors isolated Schwann cells for analysis. They engineered mice in which expression of a gene encoding a fluorescent protein was regulated by the promoter sequence that drives expression of myelin protein zero (MPZ), which is expressed by myelinating Schwann cells. They then used a process called fluorescence-activated cell sorting (FACS) to isolate fluorescing cells. But FACS favours cells that have high levels of fluorescence. The researchers showed that MPZ expression is drastically reduced following nerve damage, raising the possibility that FACS might isolate only a subset of cellsthose that retain sufficient MPZ expression to express the fluorescent protein at high levels.
In future, it would be informative to assay other cell types in the bridge that do not express detectable MPZ (such as non-myelinating Schwann cells and connective-tissue cells called fibroblasts), to gain a full understanding of environmental modulators of Schwann-cell behaviour. In addition, because TGF-β is emerging as a major regulator of EMT (ref. 6 ), it will be crucial to understand how to effectively modulate and harness the control of its expression if the protein is to be used to help treat various injuries.
J O S H U A B . P L O T K I N
A t the end of On the Origin of Species,
Charles Darwin describes a tangled bank 1 -an ecosystem of plants, birds and insects whose evolution is inextricably linked by their dependence on one another for survival. Researchers who study evolution in the wild must contend with the tangled bank. Controlled laboratory experiments provide an alternative approach that may avoid the complexities of ecological interactions. But on page 45, Good et al. 2 analyse evolution in laboratory populations of bacteria and make a surprising discovery: ecological interactions emerge spontaneously and sustain evolution by natural selection for tens of thousands of generations.
The archetypal study of evolution in the laboratory was initiated almost 30 years ago, when the biologist Richard Lenski founded 12 identical populations of the fast-growing bacterium Escherichia coli. His ongoing long-term evolution experiment (LTEE) is designed to study adaptation to a constant laboratory environment, removing as many complexities and confounders as possible. Every day, each of the 12 populations is transferred to a fresh flask of nutrients to enable continued cell growth and division. Samples from these populations are periodically frozen, to preserve a 'fossil record' for retrospective analysis.
This reductionist approach has been richly rewarding. The LTEE has produced striking discoveries, including markedly elevated mutation rates in some of the formerly identical populations, and the evolution of a radical metabolic trait in another population 3 . The frozen fossil record has allowed researchers to resurrect ancestral strains, replaying the tape of life to tease apart the molecular causes of these striking phenomena.
Evolution in Lenski's experiment is complex enough to yield surprises, but simple enough to be comprehensible. So far, researchers have approached the LTEE much as natural
MOLECULAR EVOLUTION
No escape from the tangled bank
Ecological interactions emerge spontaneously in an experimental study of bacterial populations cultured for 60,000 generations, and sustain rapid evolution by natural selection. See Article p.45
